SUMMARY A further patient with watery diarrhoea and hypokalaemia in association with a non-beta islet cell tumour of the pancreas is reported. The mechanism by which fluid and electrolyte losses are produced is discussed and cases previously reported are reviewed. 
reported in 1947 by Gordon and Olivetti. In 1955, Zollinger and Ellison described a syndrome of recurrent peptic ulceration and gastric hypersecretion in patients with non-beta cell tumours of the pancreas. In one of their patients (case 1) diarrhoea preceded the other symptoms by eight years. By 1964 Ellison and Wilson had collected 260 cases of non-specific islet cell tumour of the pancreas, of which 190 had been reported in the literature. Ellison and Wilson (1964) regarded all these cases as examples of the Zollinger-Ellison syndrome and described their symptomatology. Peptic ulceration occurred in 93 % and diarrhoea in 36%. About 18% of the patients had significant hypokalaemia (serum potassium below 2.9 m-equiv/l). Seven per cent of the patients had diarrhoea without peptic ulceration. The demonstration by Gregory and his colleagues (Gregory, Tracy, French, and Sircus, 1960; Gregory and Tracy, 1964) Recently it has become apparent that a syndrome of intractable watery diarrhoea with hypokalaemia can be caused by a non-specific islet cell tumour presumably due to the elaboration of a humoral substance, other than gastrin, causing enhanced loss of intestinal secretions (Verner and Morrison, 1958; Espiner and 1962). Gastric hypersecretionand peptic ulceration is not part of this syndrome. We therefore feel that, since the pathogenesis of the two conditions is different, these patients should not be regarded as examples of the Zollinger-Ellison syndrome as has been done by Ellison and Wilson (1964) in their collection of cases. We do not agree with Marks, Bank, and Louw (1967) that the syndrome should also require gastric hypochlorhydria or achlorhydria as this proviso further subdivides the syndrome in an unwarranted manner. It may be that reduced gastric acid secretion occurs eventually in all patients, but certainly in a number of reported cases, gastric secretion was normal at the time of presentation.
In addition a number of other features, present only in a proportion of the patients, have been described. These include hypercalcaemia (Brown and Crile, 1964; Kofstad, Fr0yshov, Gjone, and Blix, 1967) , skin manifestations (Martini, Strohmeyer, Haug, and Gusek, 1964) , and hyperglycaemia (von Knappe, Flemming, Stobbe, and Wendt, 1966) . The confusing situation has arisen where one group of authors names the condition 912 D. J. Stoker and V. Wynn not have gastric hypersecretion or peptic ulceration of the small intestine.
The clarification of this syndrome has been brought nearer by the recent extraction from tumours in two patients of substances with secretin-like effects (Zollinger, Tompkins, Amerson, Endahl, Kraft, and Moore, 1968 Haematology Routine haematological examination showed only haemoconcentration, the haemoglobin being 18.6 g/100 ml and the packed cell volume 55/100 ml. Subsequent investigations showed the haemoglobin to vary between 12.6 and 14.5 g/100 ml. The blood film showed no abnormality. Biochemistry Plasma electrolytes on admission were: Na 141 m-equiv/l, K 2.7 m-equiv/l, Cl 97 m-equiv/l, T.CO2 21 m moles/I. Subsequent estimations of plasma potassium before laparotomy gave levels of 2-8, 3.9, 3'1, and 3.1 m-equiv/l. Blood urea was 86 mg/100 ml falling to a preoperative level of 48 mg/100 ml. Serum calcium was 9-6 mg/100 ml and repeated values were also normal. Tests of liver function were normal, with bilirubin 0.8 mg/100 ml, alkaline phosphatase 9.5 KA units, plasma proteins 7.1 g/100 ml (albumin 4-1 g and globulin 3.0 g/100 ml), SGOT 16 and SGPT 40 SF units. Fasting blood sugar was 110 mg/100 ml.
The urine sodium and potassium excretion was low (about 10 m-equiv/l per day for each cation) unless the body deficits of these ions was made good by massive intravenous infusions. The faecal excretion of sodium, potassium, chloride, and bicarbonate was extremely large, and is the subject of later discussion.
Gastricfunction
Overnight gastric secretion totalled 142 ml with free HCl 100 m-equiv/l andpH 1.1. An augmented histamine test meal produced a total of 217 ml gastric juice in one hour. The estimation of H+ ion content was unfortunately omitted, but in terms of volume the result does not indicate hypersecretion.
Radiology
Chest radiograph showed a raised right dome of the diaphragm which, however, moved satisfactorily on respiration. A barium meal revealed a small hiatus hernia, an otherwise normal stomach and coarse duodenal mucosa. The small bowel pattern was grossly abnormal and irregular, and showed both segmentation and flocculation of barium, most marked in the ileum. Barium passed rapidly through the small bowel to enter the colon within one and a half hours. Barium in the large bowel was greatly diluted by fluid, but no other abnormality was apparent.
Progress
Preoperative management was characterized by a continuous struggle to replace the large fluid and electrolyte losses in the stools, the volume of which was as high as 9.2 1/24 hours, and on one occasion contained 453 m-equiv of potassium in 24 hours. Details are shown in Figure 1 pancreas could effect a cure. On 5 May total pancreatectomy was performed. The duodenum, part of the stomach, and the spleen were removed. The gastric remnant was anastomosed to the side of the proximal jejunum. The gallbladder contained numerous stones and was removed, the common bile duct being inserted into the blind end of the jejunum.
Histology
The pancreas showed proliferation of the terminal ducts so that the centres of many acini were filled with cells having a clear cytoplasm. This change was most marked in the head, adjacent to the tumour site, where the clear cells formed small nodules. These cells resembled those in the removed tumours and a few contained granules (probably beta granules). The pancreatic islets were probably normal, a few were enlarged and some showed duct formation. In parts of the gland the acini were proliferating and special stains showed tumour cells in veins. A biopsy of jejunum taken at operation was normal with normal numbers of Paneth cells.
POSTOPERATIVE COURSE
The patient's immediate progress after the operation was good and there was a dramatic fall in the volume of faecal fluid, which never thereafter reached its earlier levels or potassium content ( Fig. 1) . Without potassium supplements, however, in a fortnight the plasma potassium was 2'0 m-equiv/l and faecal volumes were of the order of 1.0-2.0 1/24 hours, often containing 100-200 m-equiv potassium. Pancreatic extracts' had been given since pancreatomy. Throughout her illness in hospital she had been noted to have intermittent attacks of flushing of the face, neck, and upper chest. (Fig. 1) . The total cation concentration (Na+ + K+) of the fluid tended to be constant and is shown by the linear relation between faecal volume and the combined sodium and potassium losses (Fig. 2) . Table I shows that there is a clear difference in the electrolytic composition between the duodenal contents and the faeces, and this results from an exchange of sodium and chloride for potassium and bicarbonate during the passage through the gut. The sodium concentration of the duodenal contents is probably rather high (Thaysen, 1960) and the defect in our patient could be due to a failure of sodium absorption in the small intestine. This is discussed below. 
diarrhoea, hypokalaemia, and islet cell tumour, without either gastric hypersecretion or peptic ulceration, are detailed in Table II . The age of incidence ranges from 19 to 67 years, with a preponderance of females (2:1). The duration of diarrhoea before definitive diagnosis, usually at operation or necropsy, varied from 11 months to 14 years, with an average of 2.3 years. Six patients had a malabsorption pattern on barium radiographs, and although this is probably a reflection of hypersecretion and hypermotility of the intestine (Weber, Lewis, and Heasley, 1959) rather than malabsorption (steatorrhea was ,not demonstrated in these patients) the appearances were not directly related to faecal volume. Nine patients showeddilatation of some part of the intestine. Most patients had gastric secretion which was within normal limits, but seven had achlorhydria and two hypochlor- group.bmj.com on April 13, 2017 -Published by http://gut.bmj.com/ Downloaded from distinction of syndromes coupled with an histologically identical tumour.
The maximal faecal fluid loss of the patient reported here was 9-2 litres, one of the highest recorded, whilst the maximal faecal potassium loss of 453 m-equiv in 24 hours is the highest recorded. It is clear that in the cases described earlier that the magnitude of the electrolyte loss was not appreciated and the first four patients reported died of hypokalaemia (Table II) . Some degree of metabolic acidosis results from bicarbonate loss in the stools (Marks et al, 1967) but this is helped by potassium replacement. The relief of the diarrhoea following the removal of pancreatic neoplastic tissue in the present patient has been described before (Chears et al, 1961; Murray et al, 1961; Thompson, 1962; Brown and Crile, 1964; Matsumoto et al, 1966 ). Tetany has not been a frequent feature of the syndrome, but was discussed by Verner and Morrison (1958) , who thought that it might be due to correction of potassium deficiency and acidosis (Fourman and McCance, 1955) . In the present case tetany preceded any therapy, and in the presence of a normal calcium level in the blood, may have been related to severe hypokalaemia (Marks et al, 1967) or to a low plasma magnesium level in the early part of her hospital admission.
An interesting feature recorded in our patient was the occurrence of intermittent flushing of the face and neck. The patients of Murray et al (1961) and Matsumoto et al (1966) complained of occasional flushing sensations about the face and neck lasting for several minutes at a time but without discernible reddening of the skin. The occurrence of flushing in a syndrome associated with diarrhoea must lead to comparisons with the carcinoid syndrome. However, in all three patients the urinary 5-hydroxindoleacetic acid excretion was normal and the character of the flushing was unlike that seen in patients with carcinoid metastases. The cause of flushing in the carcinoid syndrome is, as yet, unknown, and no hormone has been found to produce both flushing and diarrhoea. Robertson, Peart, and Andrews (1962) consider the release of serotonin into the general circulation to be an unlikely cause. In the comparison of these two conditions it is interesting that Williams and Sandler (1963) The recent report by Zollinger (Zollinger et al, 1968) of two patients with this syndrome seems to have solved the question of a humoral secretion producing the syndrome. A secretin-like pancreatic response was obtained in dogs from the administration of extracts of metastatic tissue from the liver. The further demonstration (Tompkins, Kraft, and Zollinger, 1969 ) that intravenous injection of tumour extracts, as well as synthetic and pure secretin, produces a dilute bile containing increased concentrations of chloride and bicarbonate, could explain the continuation of the diarrhoea in our patient after total pancreatectomy.
The intravenous infusion of secretin in man (Wormsley, 1968 ) is associated uncommonly with explosive diarrhoea. The main electrolyte responses to secretin have been shown to be: (1) a maximal bicarbonate excretion in most subjects with a fall in bicarbonate concentration in response to an increased volume of duodenal aspirate through an indwelling tube; (2) chloride concentration linearly related to the volume of duodenal aspirate; (3) unchanging concentration of both sodium and potassium, so that the output in the aspirate is linearly related to the volume.
In essence, Zollinger's recent cases (Zollinger et al, 1968) (Table I) show that the sodium and chloride content of the bowel fluid decreased, while that of potassium and bicarbonate increased, during the passage through the intestine. There is little evidence that a humoral mechanism exists for secretion from the wall of the small intestine. Gregory (1962) (Scholer and Code, 1954) . Whilst exsorption' of sodium is independent of the intraluminal concentration, the insorption' of sodium is an active energyrequiring process (Fisher, 1955) which is blocked by enzyme inhibitors (Gilman and Koelle, 1960) and does not require an osmotic gradient (Visscher et al, 1944) . Small-intestinal juice collected from a fistula has a pH between 6.9 and 8.6 (Schiffrin and Masset, 1939) . The data of de Beer, Johnston, and Wilson (1935) show that the concentrations of Cl and HCO3 tend to vary reciprocally and the total cation content is approximately constant (Code, 1960) . Reciprocity between the sodium and potassium content of diarrhoeal fluid was shown in the case of Hindle et al (1964) as well as in the present patient (Fig. 2) . It is also a feature of other intestinal conditions associated with diarrhoea, such as ulcerative colitis (Lubran and McAllen, 1951) , villous adenocarcinoma of the rectum (Shamblin, Huff, Waugh, and Moertel, 1962) , long-established iseostomies (Gallagher, Harrison, and Skyring, 1963) , and cholera (Watten, Morgan, Songkhla, Vanikiati, and Phillips, 1959) . Other means by which the clinical and pathological picture could be produced include increased transudation by development of greater permeability of gut or blood vessel wall, or reduced reabsorption of electrolytes and water. Both of these suggest an inhibitory or toxic effect on the bowel mucosa. As insorption of water is a passive process of considerable volume in the normal (Visscher et al, 1944) , it is difficult to see how this could be increased without widespread mucosal damage. This does not occur morphologically and one cannot reconcile the rapid recovery of bowel function after removal of the tumour in some cases (Chears et al, 1960; Murray et al, 1961; Brown and Crile, 1964) with mucosal damage of any degree. It is possible to explain the diarrhoea by a defect of insorption occurring in the small bowel. This is the mechanism whereby diarrhoea is caused in dogs with niacin deficiency (Nelson, Code, and Brown, 1962) . Such a defect might occur in cholera, a disease with a strikingly similar clinical picture, as a result of toxic interference with enzyme systems concerned with active insorption of sodium, whilst exsorption of fluid and electrolytes remains unimpaired.
In cholera the faecal concentration of sodium is generally higher and when the volume of faeces exceeds 3 litres in 24 hours it approaches that of the plasma. Intestinal transit time decreases as the 'Code (1960) proposed a nomenclature to avoid the confusion occasioned by such words as influx and efflux when used in connection with the gastrointestinal tract. He suggested that 'sorption' indicate the total bidirectional flow process, 'insorption' the passage from gut lumen to blood stream, 'exsorption' the passage from blood stream to gut lumen, 'absorption' where insorption exceeds exsorption, and 'enterosorption' where exsorption exceeds insorption. The last two processes constitute net rates of flow. volume of faecal fluid increases and this contributes to an unknown degree to the increase in sodium concentration. Water and salt loading cause corresponding changes in faecal electrolytes in cholera (Watten et al, 1959) and in islet cell watery diarrhoea (Hindle et al, 1964) and it is necessary to take this into account in replacement therapy.
In contrast to sodium, as daily faecal volumes increase, the potassium concentration decreases (Fig. 3) , and this is a finding common to cholera (Watten et al, 1959) .
In some patients with this syndrome it has been observed that corticosteroids reduce the diarrhoeal volume (Priest and Alexander, 1957; Chears et al, 1960; Hindle et al, 1964; Marks et al, 1967) , and although it was so in this patient, at certain times there was concurrent antibiotic therapy and the demonstration of a 'blind loop'. The presence of metastatic tumour tissue at necropsy showed that production of a diarrhoeainducing agent was possible throughout the illness, and therefore the later success of prednisolone and ACTH in abolishing fluid stools was a direct antagonistic action. Even then the beneficial effect may have been due to the non-specific corticosteroid effect of promoting absorption of sodium and water (Smiddy, Smith, Gregory, and Goligher, 1960 ) and we noted a reduction of the Na/K ratio whilst the patient was receiving steroids. Parkins (1961) and Hindle et al (1964) claim that the effect on diarrhoea in this disease is not Pancreatic islet cell tumour with watery diarrhoea and hypokalaemia prednisolone or equivalent ACTH dosage by considerable amounts during relapses ofdiarrhoea thus producing the complications that follow the long-term use of such high doses. We did not see the commonest reported complication, gastrointestinal bleeding (Priest and Alexander, 1957; Chears et al, 1960; Telling and Smiddy, 1961) .
How then does the diarrhoea in this syndrome differ from that of other diseases where severe potassium depletion is not a sequela? It is, we believe, due to the almost unique feature of watery stools passed unremittingly, or for long periods, over a number of years. Only in cholera is the stool similar in appearance and contains so little visible faecal matter, and in that disease the diarrhoea is too brief to allow potassium depletion to be an important feature. There is little to suggest in our studies that this patient's colon behavedotherthannormally in its handling offluid and electrolytes. Shields and Miles (1965) have shown that the human colon, whilst possessing considerable reserve capacity, has a limit to the extent to which it can compensate for loss of absorptive function of the small intestine in respect of sodium and water. Further, they conclude that if, due to some disorder of the small intestine function, increased quantities of fluid pass over the colonic mucosa, increased amounts of potassium will appear in the bowel lumen. Thus the syndrome of watery diarrhoea and hypokalaemia in these patients could be explained by some mechanism which interfered with the absorption of sodium, and pari passu, water by the small intestine. Although this could be a toxic substance, consideration of the histology and other related syndromes associated with non-beta cell islet tumours makes a circulating hormone more likely. It has now been shown that this hormone is secretin, or a hormone with very similar action. Secretin is not known to have a direct action on the small intestine and its function, and we consider that further research in this field would yield important evidence about the mechanism of production of watery diarrhoea in these patients and perhaps to its control.
